Advertisement and aggressive calls of Pithecopus azureus (Anura: Phyllomedusidae) from the border of Brazil and Paraguay. The categories of calls previously described for the closely related species Pithecopus azureus and P. hypochondrialis are reassessed. In addition, the advertisement and aggressive calls of P. azureus from Brazil-Paraguay border comparisons of call traits are made for populations of P. azureus from Argentina and Bolivia, and the vocalization of P. azureus is also compared with that of the closely related species of the P. hypochondrialis Group (subclade of lowland species). Given the similarities among the advertisement calls of P. azureus, P. hypochondrialis, and P. nordestinus, it seems that acoustic traits, at least solely, should not be employed as reliable diagnostic characters among these species.
Introduction
The Leaf Frogs of the genus Pithecopus Cope, 1866 are represented by 10 species distributed from Panama to Uruguay and northern Argentina (Bruschi et al. 2014 , Duellman et al. 2016 , Frost 2016 . Currently, all supported subclades (Faivovich et al. 2010 , Duellman et al. 2016 . One subclade comprises the lowland species: P. azureus (Cope, 1862) , P. hypochondrialis (Daudin, 1800), P. nordestinus (Caramaschi, 2006) , and P. palliatus (Peters, 1873) ; the other clade is composed of P. rohdei (Mertens, 1926) and the highland Brazilian species, which have a distinctive hidden parts of the limbs.
Cope (1862) did not designate any type specimen in the original description of Pithecopus azureus. Cochran (1961) referred to a specimen from Paraguay as a syntype of P. azureus, and Caramaschi (2006) considered "Paraguay" as a valid restriction for its type locality, providing morphometric and morphological data for P. azureus from Bolivia, Brazil, Paraguay, and Argentina. Bruschi et al. (2013) stated that the knowledge of the distributional limits of Pithecopus azureus might hence, these authors restricted the species distribution to populations reported for Argentina, Bolivia, and Paraguay.
closely related species Pithecopus azureus and P. hypochondrialis based solely on morphological features may be inaccurate (Bruschi et al. 2013) .
based on genetic and morphological evidence by Faivovich et al. (2010) , Bruschi et al. (2013) , and Duellman et al. (2016) . Also, Bruschi et al. (2013) explored their distributional limits.
The advertisement calls of the four species of the lowland subclade (Pithecopus azureus, P. hypochondrialis, P. nordestinus, and P. palliatus) have been described (Pyburn and Glidewell 1971 , Barrio 1976 , Duellman 1978 , 1997 , Duellman and Pyles 1983 , Köhler and Lötters 1999 , Guimarães et al. 2001 , Vilaça et al. 2011 . Calls of P. azureus (sensu Bruschi et al. 2013) were described by Barrio (1976) The description of the advertisement call is based on 62 calls from four males; that of the aggressive call is based on 20 calls from two males. Average and standard deviations (SD) were obtained from mean values of each acoustic traits from each male recorded. Given that we could not access raw data from other Pithecopus call descriptions to test for normality and homoscedasticity, we did not conduct statistical analyacoustic comparisons to value ranges.
Calls were recorded by TRC with a Sennheiser K6/ME66 directional microphone and a M-audio Microtrack II digital recorder set at a sampling rate of 44.1 kHz and an amplitude resolution of 16 bits, and analyzed by IAH using Raven Pro 1.4, 64-bit version (Bioacoustics Research Program 2011) with the following settings: window type = Hann; window size = brightness = 50%; contrast = 50%; overlap = 85% (locked); hop size = 38 samples; color map = "Cool"; DFT size = 1024 samples (locked); and grid spacing = 43.1 Hz. Temporal traits were measured in the waveform, and the peak of dominant frequency in the spectrogram through "Peak Frequency" measurement function. We package (Sueur et al. 2008) , R (version 3.0.3) platform (R Development Core Team 2014). The Seewave settings for the spectrograms were Hann window, 85% overlap, and 256 points in Appendix I.
types of acoustic signals. In the cases of isolated males that were recorded without any male-male interactions, the shorter acoustic signal (hereinafter referred to as "advertisement call") were almost always the only type of call recorded. However, in the cases in which there males, the longer acoustic signal was recorded more often; hereinafter, this is referred to as an "aggressive call". We measured air and water temperatures shortly after the males had been recorded with a digital thermometer (precision 0.5°C). Air temperature was measured as close as possible and at the same heights as the calling sites of the males recorded; water temperature was measured at the closest point in the pond from the calling site.
Results
Males of Pithecopus azureus were calling perched from 0.5-1.0 high on herbaceous pool next to a road. The advertisement call consisted of a single type of pulsed note emitted in series or isolated at irregular intervals. Calls ( Figure 1A , B, Table 1 ) had regular and deep (incomplete) or complete amplitude modulations throughout their duration, and in most cases, there was a long silence between the last two pulses. Calls lasted 18-70 ms (mean = 45.7, SD = 2.9; N = 4, 62 calls), with 3-6 pulses per call (mean = 4.3, SD = 0.3; N = 4, 62 calls). Calls were emitted at a rate of 11.1-96.5 calls/min (mean = 54.2, SD = 29.2, N = 4, 7 rates) and the peak of dominant frequency varied from 1781-2250 Hz (mean = 2075.8 Hz, SD = 61.9; N = 4, 62 calls). Pulse duration varied from 3-14 ms (mean = 7.2 ms, SD = 0.5; N = 263), emitted at rates of 57-167 pulses/s (mean = 98.6, SD = 9.5; N = 4, 62 calls). Pulses were more often arranged in the following patterns: a three-pulse group followed by a single isolated pulse (40%; N = 25 calls); a four-pulse group followed by a single isolated pulse (30%; N = 19 calls); a three-pulse group with no isolated pulse (11%; N = 7 calls); a four-pulse group with no isolated pulse (11%; N pulse (3%; N = 2 calls). Two other types of pulse arrangements were observed once (2%; N = 1 isolated pulse, and one isolated pulse followed by a three-pulse group. Pulse number within pulse groups varied from 3-5 pulses per group (mean= 3.5, SD = 0.4; N = 4, 62 calls) ( Figure  1B ). Pulse group duration varied from 18-41 ms (mean = 25.4, SD = 2.8; N = 4, 62 calls), with intervals (or no interval) within pulse group varying from 0-7 ms (mean = 1.2, SD = 0.6; N = 62 calls), and intervals between pulse groups and isolated pulses varying from 5-40 ms (mean = 17.8, SD = 1.0; N = 45 calls). Haga et al.
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The aggressive call (Figure 2A , B, Table 2 ) consisted of a single type of pulsed note, which was emitted at irregular intervals. Aggressive calls had complete amplitude modulation, variable between-pulse spacing, and a slight frequency modulation (ascendant or descendent). Call duration lasted 222-498 ms (mean = 377.2, SD = 85.6; N = 2, 20 calls). Calls were emitted at rate of 13.6-34.7 calls/min (mean = 24.1, SD = 14.9, N = 4, 2 rates). Aggressive calls differ from advertisement calls by having a remarkably longer duration (aggressive: 222-498 ms; advertisement: 18-70 ms) and a greater pulse number (aggressive: 14-43 pulses/call; advertisement: 3-6 pulses/call). Also, the aggressive call always presented an ascendant amplitude modulation along the call (Figures 1, 2) .
Discussion
The aggressive call of Pithecopus azureus (Table 2) described in this study is similar in duration, pulse number, and pulse rate to the (Vilaça et al. 2011) N = 20 [100] 33. 8 ± 15.2 (13-73) 4.2 ± 1.9 (3-9) -2076. 5 ± 67.7 (1972-2227) P. palliatus (Duellman 1978 Barrio (1976), whereas the advertisement call (Table 1) is similar to the "third phase" as consisting of "series composed of note groups", particularly in pulse number (as pulses per note in Barrio 1976 ) and pulse rate ( Table 1) . The also quite similar in all traits to calls described by De la Riva et al. (1995) as advertisement calls: call duration (as note duration), pulses per call, pulses per second, calls per minute, and dominant frequency (Table 2) . Therefore, the acoustic similarities among all of these calls indicate that the calls described from Argentina and Bolivia actually represent the same call type accordance with our results, Brandão et al. (2009) also suggested that the calls of P. azureus described by De la Riva et al. (1995) , as P. hypochondrialis, should correspond to aggressive calls instead (referred as territorial calls in Brandão et al. 2009 ). Aggressive calls of Pithecopus hypochondrialis described by Guimarães et al. (2001) from the state of Goiás differed from the calls of P. azureus described here in being remarkably longer, having a greater pulse number per call, and a higher peak of dominant frequency (Table  2) . Duellman and Pyles (1983) described the advertisement call of Pithecopus hypochondrialis from near Belém, state of Pará in northern Brazil. Calls (= note) from this population differed from our records by having longer duration (P.
Haga et al. et al. 1995) and Argentina (Barrio 1976) , and for P. hypochondrialis from the state of Goiás, central Brazil (Guimarães et al. 2001) . Mean ± SD (minimum-maximum) . N = number of recorded males [analyzed calls = notes]. (Duellman 1978) differ by having a longer duration (P. palliatus: 130-140 ms; P. azureus: 18-70 ms), a higher pulse rate (P. palliatus: 180-200 pulses/s; P. azureus: 57-167 pulses/s), and a higher peak of dominant frequency (P. palliatus: 3000 Hz).
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Present study
We found no differences in acoustic traits of Pithecopus nordestinus (Vilaça et al. 2011) and P. azureus. Thus, these two species cannot be distinguished based on their calls (Table 1) .
Molecular and cytogenetic datasets support Pithecopus azureus, P. hypochondrialis, and P. nordestinus (Bruschi et al. 2013) . In contrast, the similarities observed among the advertisement calls of the in discriminating them indicates that acoustic characters are uninformative for species discrimination among these closely related species.
Pithecopus azureus and P. nordestinus are allopatric (Bruschi et al. 2013) . The lack of (acoustic diagnosis of advertisement calls) in otherwise well-supported species hypotheses based on other phenotypic and/or genetic evidence is known in other Neotropical anurans-e.g. Allobates (Tsuji-Nishikido et al. 2012) , Dendropsophus (Teixeira et al. 2013) , Proceratophrys (Martins and Giaretta 2013) , Leptodactylus (Carvalho et al. 2013) and Pristimantis (Padial et al. 2009 ). Further sampling efforts will increase acoustic information at the level of populations and result in the correct assignment of call types for species of Pithecopus to discover acoustic traits that might be of diagnostic application in this treefrog group.
In conclusion, all previous call descriptions for Pithecopus azureus to date actually are calls emitted in an aggressive context. To our knowledge, this is the only characterization of advertisement call for this species since the very (1976) more than forty years ago, i.e., what he call description for P. hypochondrialis from Argentina. And last, acoustic traits alone probably should not be employed as reliable diagnostic characters among the closely related P. azureus, P. hypochondrialis, and P. nordestinus.
